INTRODUCTION
Pternopetalum Franch., one of the largest genera of Apiaceae in Asia (Pimenov & Leonov, 2004) , includes about 20-32 taxa which occur in South Korea, Japan, China and the adjacent eastern Himalayan regions (Pu, 1985; Mukherjee & Constance, 1993; Pimenov & Leonov, 1993; Ohba, 1999; Watson, 1999; Pu & Phillippe, 2005) , with a centre of diversity in west Sichuan, north-west Yunnan and south-eastern Tibet (Shu & Sheh, 2001) . As a genus endemic to the East Asian flora (Wu, 1991; Wu et al., 2006) , its phytogeography has been documented by many authors (Constance, 1972; Takhtajan, 1986; Sheh & Su, 1987; Pu, 1996; Sun, 2002; Wu et al., 2003) . Pternopetalum species are mainly erect perennials with a distinct rootstock on which the radical leaves are produced each year. These plants usually grow in shady and moist evergreen forest, especially in mountain areas with rich streams. As part of the tribe Apieae of the subfamily Apioideae (Pu, 1985; Pimenov & Leonov, 1993) , two morphological characters, petals saccate at the base and umbellules usually with only 2-3(-4) flowers (Shen et al., 1985; Pu, 2001; Pu & Phillippe, 2005) , make it relatively easy to identify. It seems to be a natural genus in Apiaceae (Valiejo-Roman et al., 2002) .
Detailed taxonomic scrutiny is hindered by inadequate herbarium specimens and a lack of adequate field surveys, making it one of the more difficult groups in Apiaceae (M. F. Watson, Royal Botanic Garden, Edinburgh, pers. comm.) . Some taxa still remain uncertain in the recently published Flora of China (Pu & Phillippe, 2005) . The generic review revealed that the misapplication of the name Pternopetalum molle (Franch.) Hand.-Mazz. was the greatest source of confusion in this genus.
Pternopetalum molle was first recognized by Franchet (1894) based on Delavay, J. M. 4095 (Figs 1A, 2A, B) . This species is characterized by an annual habit, delicate appearance, single and fusiform root, and terminal and lateral umbels, that 
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cannot be confused with other species of Pternopetalum. However, in a later generic review (Shan & Pu, 1978) , a perennial collected by R. C. Ching 22416 ( T.Pu) were described in this work. The concept of P. molle in Shan & Pu (1978) was to remain in later national Chinese and local flora treatments (Pu, 1985 (Pu, , 1993 Pan, 1997) . As a result, controversial treatments involving P. cuneifolium (H. Wolff) Hand.-Mazz., P. cartilagineum and P. molle var. crenulatum appeared. In Flora Yunnanica (Pan, 1997) , P. cuneifolium was accepted as a distinct species with P. cartilagineum and P. molle var. crenulatum as synonyms, whereas, in the recently published Flora of China (Pu & Phillippe, 2005) , P. cartilagineum was reinstated as a distinct species, and P. cuneifolium and P. molle var. crenulatum were reduced to P. molle.
The aim of this study is to clarify the taxonomic identity of P. molle, and re-examine its morphological delimitation with P. longicaule var. humile, P. radiatum and P. trifoliatum. A supplementary revision is also provided for the other taxa confused with P. molle.
MATERIAL AND METHODS
Morphological variation was evaluated on herbarium material preserved at the following herbaria: BM, CDBI, E, GH, HGAS, IBSC, K, KUN, NAS, P, PE, SM, SZ and SWFC (herbarium abbreviations follow Holmgren, Holmgren & Barnett, 1990) . Field investigations were carried out by the author in Guizhou, Sichuan and Yunnan Provinces, China, during several visits in the period [2003] [2004] [2005] . Type specimens and original descriptions were carefully examined to assess critical diagnostic characters. Photographs of types from GH, L, MO, NY, UC and WU were also consulted. The software packages BRAHMS 5.58 (http://herbaria.plants.ox.ac.uk/bol/home/) and DIVA-GIS 5.2 (http://www.diva-gis.org/) were used to manage specimen datasets and to produce distribution maps. The characters associated with fruits and the blade indumentum were examined, and photographs were taken with an NDigital Camera DXM1200F and scanning electron microscope.
DIAGNOSTIC CHARACTERS EXAMINED HABIT AND UNDERGROUND PARTS
Plants of Pternopetalum are mainly perennial having a visible short caudex on which the leaf-sheath remains are preserved (for example, P. botrychioides, P. cuneifolium and P. vulgare) (Figs 1B, 3A, B, (4) (5) (6) (7) . Pternopetalum longicaule var. humile, P. radiatum, P. trifoliatum and P. molle (sensu Franchet) are annuals. These plants bear a single fusiform and somewhat herbaceous root, usually no more than 3 cm in length (Fig. 3C) . The root is easily broken from the stem and is often not visible on herbarium specimens (Figs 1A, 8B, 9) . Annuals have an almost uniform appearance to their underground parts, whereas those of perennials vary from well branched to single and thickened rootlets (Fig. 3A, B ) in response to different habitat water availability. Pternopetalum caespitosum R.H.Shan has been recorded as an annual (Pu, 1985) , but field investigations and examination of morphological characters show that it is a typical perennial.
STEMS AND LEAVES
In earlier descriptions of species (Shan & Pu, 1978; Pu, 1985 Pu, , 2001 Pu & Phillippe, 2005) , variations in the main stem were reported as 'stem branched/ unbranched', or 'stems one to several'. However, as observed in most Apiaceae by Kljuykov (Kljuykov et al., 2004) , the stems of Pternopetalum can be well developed or not. Not all perennial species have a well-developed main stem. They usually have a compressed short caudex on which the basal leaves and an elongated peduncle are produced, as in P. botrychioides, P. cuneifolium and P. vulgare (Figs 3A, B, (4) (5) (6) (7) . The elongated peduncle occasionally bifurcates in its upper part, where one or several slim leaves appear (cauline or upper leaves), but sometimes cauline leaves are totally absent (Fig. 5) . Pternopetalum delavayi, P. longicaule var. humile, P. molle, P. radiatum and P. trifoliatum have a continuously developed main stem on which the leaves are more or less uniformly attached. They often bear one or several slim radical leaves (Figs 1A, 2A) .
Leaf division is diagnostically important in Pternopetalum, although it is variable in several species. It is ternate with three distinct leaflets in P. vulgare, with leaflets that vary from undivided, twoto three-lobed to irregularly parted (Fig. 6) . Ternate or biternate leaves are found in P. longicaule var. humile, P. radiatum, P. trifoliatum, P. molle and P. cuneifolium (Figs 1A, 2A, 4, 8, 9 ). Pternopetalum botrychioides is characterized by ternate-pinnate leaves, and its terminal ultimate leaf segments are caudate (Fig. 7) .
According to Franchet's observations (Franchet, 1885 (Franchet, , 1894 , the homomorphic or heteromorphic ultimate leaf segments of Pternopetalum are diagnostically important. This opinion was followed by later authors (Wolff, 1927; Shan & Pu, 1978; Pu, 1985; Pan, 1997; Pu, 2001; Pu & Phillippe, 2005) . However, this character is unstable (Table 1) , and shows continuous variation in closely related taxa (for example, P. longicaule var. humile, P. radiatum, P. trifoliatum and P. molle) (Fig. 10 ), even in a single plant (for example, Pan, . Therefore, this character is not suitable for interspecific delimitation.
The blades of P. vulgare vary from entirely glabrous or sparsely strigose ( Fig. 11A ) to densely strigose (Fig. 11B ). Pternopetalum botrychioides and P. molle have entirely glabrous blades (Fig. 11C, D , G, H). The blades of P. cuneifolium are slightly strigose (Fig. 11E , F). Its hairs are more or less cartilaginous, but not uniformly throughout the whole blades in a single plant. For hairy species, the indumentum is usually visible on the abaxial rather than the adaxial surface, and usually occurs along veins and margins of blades (Fig. 11) . The blade indumentum has proven to be of little taxonomic value in Pternopetalum, as it is easily induced by habitat water availability.
UMBELS
The umbels of Pternopetalum are only terminal or terminal and lateral. Terminal umbels are attached on an elongated peduncle or pseudo-scape, which sometimes bifurcates in the upper part (for example, P. botrychioides, P. cuneifolium and P. vulgare) (Figs 3, 4) . Lateral umbels have short peduncles, usually shorter than the subtending petioles (Mukherjee & Constance, 1993 ) (for example, P. delavayi, P. longicaule var. humile, P. trifoliatum, P. radiatum and P. molle) (Figs 1A, 2A, 8B, 9) . This character was documented for P. radiatum (Mukherjee & Constance, 1993 ), but not clearly indicated in P. caespitosum, P. cardiocarpum, P. longicaule var. humile, P. sinense and P. trifoliatum (Pu & Phillippe, 2005) ; they usually bear both terminal and lateral umbels.
CALYX TEETH, STYLOPODIUM AND STYLES
The characters calyx teeth, stylopodium and styles have been well documented in earlier research (Pu, 1985 (Pu, , 2001 Pu & Phillippe, 2005) , but their taxonomic value was not fully recognized. The robust perennials (usually more than 30 cm high) (for example, P. botrychioides, P. davidii, P. delavayi and P. vulgare) have distinct and triangular or subulate calyx teeth, with erect styles which are approximately twice the length of the stylopodium. The stylopodia (Wang, 2007) have indicated that the characters calyx teeth, stylopodium and styles are diagnostically important in the identification of the two phenetic groups, and can be used to determine sectional divisions in Pternopetalum.
FRUITS AND RIBS
Variations of the rib surface were originally emphasized by Wolff (1927) , who used them to key out P. davidii with seven other species in section Dentarioideae H.Wolff. According to Wolff (1927) , the surface of the fruit ribs was 'serrulato-fimbriatus' in P. davidii and 'glaber laevisque' in the seven other species of Pternopetalum. However, later authors (Pu, 1985; Pan, 1997; Pu & Phillippe, 2005) expanded the diagnostic value of this character to the whole genus, and provided descriptions of 'fruit ribs denticulate or finely scabrid' versus 'fruit ribs filiform' (Pu, 1985; Pu & Phillippe, 2005) . However, all taxa of Pternopetalum have five more or less prominent and filiform ribs on one mericarp (Fig. 12) . These are more evident in species having a robust appearance (for example, P. botrychioides, P. cuneifolium and P. vulgare) than in species having a delicate appearance (for example, P. longicaule var. humile, P. trifoliatum, P. radiatum, P. molle and P. tanakae). Therefore, this character is not clear-cut for the identification of species of Pternopetalum, as it is variable in some species but stable in others. The ribs of P. vulgare vary from smooth, minutely scaberulous (Mukherjee & Constance, 1993) to denticulate (Fig. 12A) . Pternopetalum botrychioides has smooth or scabrid ribs (Fig. 12B) , whereas the ribs of P. cuneifolium are denticulate or denticulatefringed (Fig. 12C ). The ribs of P. longicaule var. humile, P. trifoliatum, P. radiatum and P. molle are entirely smooth (Fig. 12B, D-F) . Variations in the pericarp surface have not been investigated in previous treatments of Pternopetalum. Through examination by scanning electron microscopy, the surface is scale-like in P. longicaule var. humile, P. trifoliatum, P. radiatum and P. molle (Fig. 13B, C) , and smooth and ridged in other taxa of Pternopetalum (Fig. 13D) . Considering the common habitat preference (along margins of Abies/Tsuga woodland) of P. longicaule var. humile, P. trifoliatum, P. radiatum and P. molle, the scale-like structure may facilitate the capture of heat and water better than a smooth and ridged surface. This is possibly an indicator of ecological adaptation to an alpine environment.
DISCUSSION AND CONCLUSIONS
In summary, the morphology of the calyx teeth, stylopodium and styles is important in the identification of the two sections of Pternopetalum, and may be responsible for its earlier phenotypic divergence (Wang, 2007) . The annual habit and associated morphological variations, such as plant appearance, absence/presence of rhizome and attached position of leaf, are useful in the identification of P. longicaule var. humile, P. radiatum, P. trifoliatum and P. molle. Furthermore, annuals usually occur above 3000 m, and are found on the margins of alpine needle-leaf forest (Abies/Tsuga forest) or in alpine meadows. By contrast, perennials often occur below 2800 m, and prefer shady, wet and less disturbed evergreen forest vegetation.
The lateral umbels are particularly distinct in P. caespitosum, P. cardiocarpum, P. delavayi, P. longicaule, P. longicaule var. humile, P. radiatum, P. sinense, P. trifoliatum and P. molle, and are occasionally found in P. tanakae. As observed in Anthriscus Pers. (Spalik, 1996) , the lateral formation of umbels allows continuous growth of the main stem and the production of additional umbels if more resources become available. This character has been shown to be an ecological preadaptation to ruderal habitats in Anthriscus (Spalik, 1996) , and is correlated with the degree of selfing (Jury, 1986) . In Pternopetalum, species having lateral umbels usually occur in alpine habitats (above 2800 m) with one aborted mericarp in the schizocarp. This suggests that Pternopetalum may also experience similar evolutionary changes to Anthriscus under high selection pressure.
In contrast to reproductive characters, vegetative characters, such as leaf division, blade indumentum and the size and shape of ultimate leaf segments, exhibit much more plasticity in response to the environment. They are usually polymorphic in widely distributed species, such as P. botrychioides, P. molle and P. vulgare, and are relatively stable in species having a restricted distribution, such as P. cuneifolium. Any abnormal variations are usually found in peripheral populations under harsh environmental conditions. This facilitates phenotypic plasticity, especially variation in the size and shape of vegetative characters. Therefore, it is best to group variants into a single polymorphic species, such as P. molle or P. vulgare, rather than to treat them as separate taxonomic units.
Denticulate or scabrid ribs are known only in P. botrychioides, P. cuneifolium, P. davidii and P. vulgare, and vary in widely distributed species. Therefore, the diagnostic value of this character could not be expanded to the whole genus for the identification of major species groups. (Fig. 5 ).
TAXONOMIC TREATMENT

Distribution and habitat:
North-west and north-east Yunnan, China (Fig. 14) , streamsides under evergreen forest, 2400-3100 m.
Remarks: The specimen R. C. Ching 22416 (Figs 1B, 2C) belongs to P. cuneifolium, a species recognized by Wolff (1929) and characterized by the perennial habit, distinct rhizome and terminal umbels only (Figs 1, 2,  4 ). Shan and Pu (Shan & Pu, 1978; Pu, 1985 Pu, , 1993 misidentified this plant as Franchet's P. molle ( Figs 1A, 2A) , which is characterized by an annual habit, delicate appearance, single fusiform root, with terminal and lateral umbels. As a result, a perennial having characters of leaves mainly basal, blade margin crenulate on upper part and fruit ribs denticulate was described as a new variant: P. molle var. crenulatum (Shan & Pu, 1978) . In this work, a perennial with ternate leaves, umbellules two-flowered, leaf segments somewhat coriaceous, veins and margins cartilaginous and ribs denticulate was also described as a new species: P. cartilagineum. Being unaware of confusion with P. molle, P. cuneifolium and P. molle were merged as a single species (Pu & Phillippe, 2005) .
KEY TO SPECIES
Indeed, P. cartilagineum, P. cuneifolium and P. molle var. crenulatum are conspecific, as determined by their common diagnostic characters, such as leaves mainly basal and one-to two-ternate, cauline leaves absent or occasionally one, ultimate leaf segments ovate or rhomboidal, c. 1-3.5 ¥ 1-1.5 cm, umbellules uniformly two-flowered and ribs denticulate ( Figs 1B,  4A, 12C) . Therefore, the treatment of Pan (1997) should be reinstated because it is consistent with the morphological variation displayed in these plants.
Detailed examination of the type materials indicated that the original collection Tsai, H. T. 55935 consisted of seven specimens, which are widely distributed at GH, IBSC (two sheets), KUN, NAS, PE and SZ. The seven specimens were proven to have been collected from one population, and belong to one species, as determined by their common characters. However, the identification of this collection was problematic. For example, the specimen at NAS was identified as P. cuneifolium by Shan R. H. and Pan Z. H., whereas the specimen at GH was identified as P. vulgare by C. Norman (Fig. 5B) , and the specimen at SZ was identified as P. vulgare and P. molle by Hu, W. K. and K. T. Fu, respectively. It seems that, in order to qualify the new variant P. molle var. crenulatum, Shan & Pu (1978) renumbered the specimens at IBSC and KUN as Tsai, H. T. 55935A, and designated the latter as the holotype of the name P. molle var. crenulatum. As the specimen at KUN could not be found after an extensive search, the specimen at IBSC (Fig. 5A) was chosen as the lectotype of P. molle var. crenulatum.
Pternopetalum cuneifolium is closely related to P. vulgare, but has weak morphological differences and geographical isolation from the latter. In addition, there are a few populations that could be referable to this species, so that further field investigations are needed in the future. (Fig. 1A) (Fig. 9B) .
Description: Delicate annual herb, glabrous, 10-35 cm high. Small and single fusiform root, 1-1.5 cm long, 2-3 mm in diameter, slightly lignified, caudex not well developed and leaf-sheath remains invisible at the base. Stem single. Leaves basically cauline, occasionally with one or two basal leaves, one-to two-ternate, ultimate segments ovate, broad-ovate or rhomboidal, 1-3.5 ¥ 1-1.5 cm, sometimes with lanceolate segments on upper leaves, blades smooth, margins serrate or incised-serrate; mucronate at apex; cuneate at base. Loosely arranged umbels terminal and lateral, the lateral umbels usually with peduncle shorter than subtending petiole and its rays. Bract absent. Rays (4-)6-15(-20), 1-3.5 cm long. Bracteoles 1-2, 0.4-0.8 mm long, or occasionally scanty. Umbellules (1-)2-3(-4)-flowered; pedicels 0.3-2.5 mm long. Calyx teeth minute or absent. Petals white, c. 2 ¥ 0.9 mm. Stylopodium low-conical; styles equal or subequal to stylopodium, reflexed at apex. Fruit ovoid or oblong-ovoid, c. 1-2 ¥ 0.5-1 mm; laterally compressed, five filiform ribs obscure, smooth; commissural plane to concave, vittae 1-3 in each furrow, 2-4 on commissure. Flowers April to June, fruits July to September.
Illustration: Figure 2A .
Distribution and habitat:
China: south Gansu, southwest Shaanxi, Sichuan, south-east Xizang (Tibet), north-west Yunnan. Adjacent Himalayan regions: Bhutan, Sikkim (Fig. 15) . It is usually found in alpine meadows or coniferous forest at 2800-4200 m; one of the few typical delicate alpine herbs found in this genus.
Remarks: According to Shan & Pu (1978) , P. longicaule var. humile (Fig. 9A ) is similar to P. longicaule Shan, but differs from the latter in its dwarf appearance, 4-30 cm high (usually 20 cm), occasionally with one basal leaf, the upper ultimate leaf segments elongate-lanceolate. Pternopetalum longicaule is a species recognized by its well-developed main stem, and homomorphic and uniformly attached cauline leaves (Shan, 1940) . Shan (1940) also suggested that P. longicaule was closely related to P. filicinum (Franch.) Hand.-Mazz. However, this is not the case as P. longicaule is very similar to P. delavayi. They share many morphological characters, such as a conical stylopodium, distinct and triangular calyx teeth, terminal and lateral umbels, and characters associated with the leaf. The similarity of P. longicaule and P. delavayi resulted in Hiroe (1979) merging them as a single species, although he erroneously used P. longicaule as the legitimate species name.
Although P. longicaule var. humile shares several characters, such as terminal and lateral umbel and well-developed main stem, with P. longicaule and P. delavayi, they have different characters with regard IDENTITY OF PTERNOPETALUM MOLLE 287 to the stylopodium, calyx teeth, styles and habit (see above). The distinctness of P. longicaule var. humile in comparison with P. longicaule resulted in Fu elevating it as a species (Fu, 1981) , a treatment that has not been accepted by Pu (Pu, 1985; Pu & Phillippe, 2005) . This confused taxon relationship evidently derived from confusion regarding the identity of P. molle. Indeed, P. longicaule var. humile and the more recently described new species P. trifoliatum (known only from the type specimen) by Shan & Pu (1989) are conspecific with P. molle. These plants share nearly the same morphological variation, such as delicate appearance, usually not more than 30 cm high, mainly cauline leaves, ternate or biternate, terminal and lateral umbels, loosely arranged rays numbered from six to 15 in each umbel, umbellules two-to threeflowered, calyx teeth minute or obsolete, stylopodium low conical, styles usually reflexed at apex and ovate fruits usually with one aborted mericarp.
The confusion with P. molle inevitably complicated efforts to examine its taxonomic relationships with P. radiatum (Fig. 8) , a Himalayan species (Mukherjee, 1971 (Mukherjee, , 1977 Mukherjee & Constance, 1993; Watson, 1999) which has been proposed as a threatened plant in India (Nayar & Sastry, 1987; Walter & Gillett, 1998) . With the help of M. F. Watson (E) , in addition to the type specimens, the materials represented by three (or four) populations of P. radiatum from Bhutan (Upper kuru Chu: Cooper, R. E. 4335; Bumthang: Grierson A. J. C. & Long D. G. 1855, Thimphu: Wood, J. R. I. 7022, 6450) (Fig. 8B) were examined in this study. The results indicate that P. molle and P. radiatum are conspecific, as evidenced by their common delicate appearance, lateral umbels, mainly cauline and ternate or biternate leaves etc. (Figs 8, 9 ). In addition to the common morphological characters of P. longicaule var. humile, P. trifoliatum, P. radiatum and P. molle, these plants actually occur in a continuous distribution range from south Gansu and Shaanxi Provinces, China, extending to eastern Himalayan regions (Fig. 15) . Within this area, the diversified ultimate leaf segments of P. molle (Fig. 10) show a geographical divergence to some extent. Somewhat heteromorphic upper leaves (Fig. 10C , E, G) are usually found from southward or northward peripheral populations under harsh environments, such as Wood, J. R. I. 6450 (Fig. 8B) (Fig. 7B ).
Distribution and habitat: China: South Chongqing, Guizhou, Sichuan and Yunnan (Fig. 14) , shady and moist forest, streamside, occurring from 740 to 2900 m.
Remarks: Pternopetalum botrychioides was first recognized by Dunn (1903) . Two specimens, Faber 629 and Pratt 839 (Fig. 7A) , were cited but without unambiguous typification in the original description. Therefore, the two specimens are syntypes of P. botrychioides under Art. 9.4 of the ICBN (McNeill et al., 2006 Wolff did not see any specimens of P. botrychioides ('Specimina mihi non visa; . . .') (Wolff, 1927) , and therefore he recognized Limpricht 1498, collected from Mt. Emei, Sichuan of China, as a new species: P. delicatulum. However, the type material of both P. botrychioides and P. delicatulum was collected from the same area, and they show nearly the same morphological variation, especially the ternate-pinnate leaves and terminal ultimate leaf segments usually somewhat caudate. The seeming distinctness of Limpricht 1498, as indicated by the epithet 'delicatulum', is only because it is a young flowering individual of P. botrychioides. This situation was also found for other herbarium materials of P. delicatulum, e.g. Zhao, Z. X. 199 and 067 (KUN and NAS) . Therefore, P. delicatulum should be reduced to P. botrychioides rather than to P. radiatum (Watson, 1999) , or even as a separate species (Pu & Phillippe, 2005) , as its morphological variation and geographical distribution do not justify this taxonomic conclusion. (Fig. 6B ).
Yunnan Jinsha River Investigation
Distribution and habitat: China: Gansu, Guizhou, Guangdong, Guangxi, Hubei, Hunan, Jiangxi, Sichuan, Chongqing, Yunnan; adjacent Himalayan regions: north-east India, north Myanmar, Nepal (Fig. 14) . This species has variable ultimate leaf segments in terms of size, shape and division, with a broader distribution range and ecological adaptation than other members of the genus; it occurs from 700 to 3000 m.
Remarks:
As the epithet suggests, P. molle var. dissectum was mainly established on the basis of the irregular lobed or pinnatisected ultimate leaf segments, which are larger than those of P. molle at 4-7 cm long and 2-3 cm wide, according to Shan & Pu (1978) . Examination of the type collection, K. M. Feng 4800, showed that P. molle var. dissectum has the same typical ternate and three leaflet leaves as P. vulgare. The irregularly lobed or dissected leaflets also found in Indian materials of P. vulgare was indicated by Mukherjee, P. K. and Constance, L. (Mukherjee & Constance, 1993) as 'leaves . . . ternate or biternate . . . , the larger often few lobed or parted . . .'.
